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HQYLURQPHQWDOO\ IULHQGO\ DQG PRUH LPPHGLDWHO\ DYDLODEOH VRXUFHV RI HQHUJ\ 7KH (XURSHDQ
8QLRQ VWUDWHJ\ IRU (QHUJ\ XQWLO \HDU  NQRZQ DV ³´ LV PRVWO\ IRFXVHG RQ
GHYHORSPHQWRIZLQGDQGVRODUEDVHGWHFKQRORJLHVIRUHQHUJ\JHQHUDWLRQ

$QRWKHU SRWHQWLDOO\ VXVWDLQDEOH VRXUFH RI HQHUJ\ LV WKH FKHPLFDO HQHUJ\ DVVRFLDWHG ZLWK
VROYDWLRQRIVDOWV:KHQWZRVWUHDPVRIGLIIHUHQWFRQFHQWUDWLRQVDUHEURXJKWLQFRQWDFWWKH\PL[
VSRQWDQHRXVO\DQGUHOHDVHHQHUJ\*LEEVIUHHHQHUJ\,QWKHQDWXUHZKHUHYHUWZRVROXWLRQVRI
GLIIHUHQW VDOLQLW\ H[LVW LQ SUR[LPLW\ HJ ZKHUH ULYHU ZDWHU IORZV LQWR D VHD D VDOLQLW\ JUDGLHQW
HQHUJ\FDQEHREWDLQHG7KLV LVDQHQHUJ\VRXUFHZLWKDSRVVLEOHZRUOGZLGHDQQXDOSRWHQWLDO
EHWZHHQ § DQG § 7:K WKDW LV DEOH WR FRYHU DOO FXUUHQW JOREDO DQQXDO HOHFWULFLW\
GHPDQG§7:K>@6DOLQLW\JUDGLHQWHQHUJ\FDQEHFRQYHUWHGLQWRSRZHUJHQHUDWLRQE\
UHYHUVH HOHFWURGLDO\VLV 5(' 5(' LV D QRQSROOXWLQJ VXVWDLQDEOH WHFKQRORJ\ IRU FRQWUROOHG
PL[LQJ RI VROXWLRQV DQG GHSHQGV RQ VHYHUDO IDFWRUV VXFK DV WKH PHPEUDQH SURSHUWLHV WKH
VROXWLRQVFRPSRVLWLRQWKHW\SHRIWKHUHGR[FRXSOHDQGWKHIOXLGVG\QDPLFV>@

7KH H[SHULPHQWDO ZRUN ZDV SHUIRUPHG ZLWK 0(*$ DV &]HFK 5HSXEOLF HOHFWURGLDO\VLV
PRGXOHV ZLWK KHWHURJHQHRXV FDWLRQ DQG DQLRQH[FKDQJH PHPEUDQHV RI WKH ³5DOH[´ W\SH
VHSDUDWHG E\  PP VSDFHUV 7KH WRWDO QXPEHU RI PHPEUDQH SDLUV XVHG ZDV WHQ DSSOLHG
HLWKHUDVRQHPRGXOHRUDVWZRHTXDOPRGXOHVILYHSDLUVHDFKFRQQHFWHGLQVHULHV6DPSOHVRI
VHDZDWHUDQGULYHUZDWHUZHUH WDNHQ IURPWKH$WODQWLF2FHDQFRDVW &RVWDGH&DSDULFDDQG
WKH7DJXV5LYHU/LVERQUHVSHFWLYHO\7KHSUHVVXUHGURSEHWZHHQLQIORZDQGRXWIORZVWUHDPV
ZDVPHDVXUHGE\WZRSUHVVXUHWUDQVGXFHUV'UXFN(QJODQG7KHHOHFWULFPHDVXUHPHQWVZHUH
SHUIRUPHGZLWKD'LJLWDO0XOWLPHWHU .DLWR(OHFWURQLFV LQDQ2&9RSHQFLUFXLW YROWDJHPRGH
ZLWK WRWDO UHFLUFXODWLRQ RI WKH WZR VWUHDPV $V D UHGR[ SDLU D KRPRJHQHRXV
.)H&1.)H&1 UHGR[ V\VWHP ZDV FKRVHQ EHFDXVH LW GRHV QRW FDXVH QHW FKHPLFDO
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,Q WKH SUHVHQW VWXG\ LW ZDV IRXQG WKDW WKH SUHVHQFH RI GLYDOHQW LRQV LQFUHDVH WKH VWDFN
UHVLVWDQFHDQGKDYHDORZHULQJHIIHFWRQWKHJHQHUDWHGSRZHUHVSHFLDOO\LISUHVHQWLQWKHGLOXWH
ORZVDOLQLW\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SDLUVVWDFNUHVLVWDQFHZLWKFRQFHQWUDWLRQRI1D&OLQPRGHOGLOXWHG
DQGFRQFHQWUDWHGVROXWLRQV
.QRZLQJWKHQRPLQDOUHVLVWDQFHRIWKHPHPEUDQHVLWFDQEHFRQFOXGHGWKDWWKHRYHUDOORKPLF
UHVLVWDQFHRI WKH VWDFN LVPRVWO\ GXH WR WKH FRQWULEXWLRQ RI WKH VXPRI WKH UHVLVWDQFHV RI WKH
GLOXWHGVWUHDPFRPSDUWPHQWV)LJ
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)LJXUH'HSHQGHQFHRIWKHJURVVSRZHURXWSXW3ZLWKYROXPHWULFIORZUDWH4RIGLOXWHGDQG
FRQFHQWUDWHGVWUHDPV IRURQHVWDFNZLWKPHPEUDQHSDLUV DQG WZRVWDFNV LQ VHULHVZLWK
PHPEUDQHSDLUVHDFK
8WLOL]DWLRQ RI RQH ODUJH VWDFN LQVWHDG RI D VHULHV RI VPDOOHU VWDFNVLQVHULHV DSSHDUV WR EH
SUHIHUDEOH 7KH QHHG RI DSSO\LQJ RQH DGGLWLRQDO PHPEUDQH LQ WKH FDVH RI WZR PRGXOHV LQ
VHULHV DQG DQRWKHU SDLU RI HOHFWURGHV IRU WKH VHFRQGPRGXOH LQFUHDVH WKH JOREDO UHVLVWDQFH
ZKLFK LV ORZHULQJ WKH REWDLQHGSRZHU )LJ  $QRWKHU GLVDGYDQWDJH IRU VWDFNV LQVHULHV LV D
KLJKHUWRWDOSUHVVXUHGURSLQVXFKDUUDQJHPHQW
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)LJXUH'HSHQGHQFHRI WKHQHWSRZHUGHQVLW\ 3QHWZLWK YROXPHWULF IORZ UDWHRIGLOXWHGDQG
FRQFHQWUDWHGVWUHDPV IRURQHVWDFNZLWKPHPEUDQHSDLUV DQG WZRVWDFNV LQ VHULHVZLWK
PHPEUDQHSDLUVHDFK
7KHQHWSRZHUGHQVLW\SHUXQLWPHPEUDQHDUHD3QHWZDVFDOFXODWHGE\VXEWUDFWLQJWKHSRZHU
FRQVXPHG IRU SXPSLQJ IURP WKH JURVV SRZHU JHQHUDWHG E\ WKH 5(' VWDFNV 7KH SUHVVXUH
GURS LQFUHDVHG ZLWK IORZ UDWH PRUH UDSLGO\ WKDQ WKH FRUUHVSRQGLQJ LQFUHDVH LQ WKH REWDLQHG
JURVV SRZHU )LJ  7KLV OHG WR D QHJDWLYH QHW SRZHU EDODQFH DW KLJKHU IORZ UDWHV DQG
LQGLFDWHGWKDWHQHUJ\FDQEHKDUYHVWHGRQO\DWUHODWLYHO\ORZVROXWLRQVIORZUDWHV

7KH UHVXOWV REWDLQHG FRQILUP WKH FXUUHQW XQGHUVWDQGLQJ WKDW LQ SODWHDQGIUDPH W\SHV RI5('
VWDFNPRGXOHV WKHPDLQRKPLFUHVLVWDQFH LV ORFDWHG LQ WKHGLOXWHGVWUHDPFRPSDUWPHQWV7KH
XVHRI5('VWDFNVOLQNHGLQVHULHVZDVQRWIRXQGWRLPSURYHWKHQHWSRZHUGHQVLW\ZKLFKZDV
SRVLWLYH RQO\ DW ORZ 5H\QROGV QXPEHUV 5HIRUPXODWLRQ RI WKH GLOXWHG VWUHDP FKDQQHO GHVLJQ
DQGRU RSHUDWLRQ FDQ EH WKHUHIRUH FRQVLGHUHG HVVHQWLDO IRU IXUWKHU RSWLPL]DWLRQ RI WKH 5('
SURFHVV
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